Background: Human mammary carcinoma derived estrogen receptor positive (ER+) MCF-7 cells depend on 17ß-estradiol (E2) for cellular proliferation in vitro and for tumor development in vivo. Traditionally, ER functions as a ligand activated nuclear transcription factor with E2 as its physiological ligand, and limited availability of E2 modulates ER functions. We have recently demonstrated preventive efficacy of selected Chinese nutritional herbs in this MCF-7 cell culture model. The present study screened additional Chinese nutritional herbs for their preferential preventive efficacy on MCF-7 cells with modulated ER functions. Methods: MCF-7 cells were maintained in medium supplemented with either 0.7% serum, <1 nM E2, or 0.7% serum+20 nM E2.This approach, while preserving the MCF-7 genotype, provides isogenic cells with either non-functional ER (ER-NF) or
Study Rationale -I
• Estrogen receptor positive (ER+) clinical breast cancer responds to endocrine therapy involving the use of receptor antagonists and selective inhibitors of estradiol biosynthesis (1,2).
• Long-term treatment with these agents is associated with acquired tumor resistance and systemic toxicity, impacting on patient compliance (3).
• Chinese nutritional herbs have been widely used in traditional Chinese medicine for a variety of health conditions, including cancer in women (4,5).
• Naturally occurring herbal preparations may exhibit acceptable toxicity profile and interact with conventional endocrine therapy to reduce toxicity and enhance efficacy of pharmacological therapeutic agents (4-7).
• Estrogen receptor positive (ER+) MCF-7 cell line represents a human tissue derived preclinical cell culture model for hormone responsive clinical breast cancer (8).
• MCF-7 cells depend on 17ß-estradiol (E2 ) for cell proliferation in vitro and for tumor development in vivo (1, 3, 8) .
• ER functions as a ligand activated nuclear transcription factor with E2 as its physiological ligand to induce the expression of E2 responsive genes and to promote cellular proliferation and tumorigenic growth via complex signaling cascades (9,10).
• Sub-physiological concentrations of E2, the ER ligand, render ER as transiently non-functional receptor (11-13).
• MCF-7 cells adapted to grow in chemically defined, serum-depleted culture condition retain their responsiveness to E2, and respond to growth inhibitory effects of several mechanistically distinct herbal extracts (11-14).
Cell Culture Model and Herbal Extracts
Model: MCF-7 cells adapted for growth in a chemically defined serum-depleted culture medium to isolate isogenic phenotypes with functional estrogen receptor (ER-F) and non-functional estrogen receptor (ER-NF).
Herbal Extracts: Non-fractionated aqueous extracts from select Chinese nutritional herbs.
• 20 g of herbs boiled in 200 ml of distilled water to reduce the volume to 100 ml (Extract # 1). Residue from this extract boiled in 100 ml of distilled water to reduce the volume to 50 ml (Extract # 2).
• Two extracts (150 ml) combined and boiled to reduce the volume to 25 ml.
• The combined extracts centrifuged (5,000 rpm, at room temperature) to collect the supernatant (20 ml). This aqueous supernatant served as the stock solution (100%). Working solutions diluted with the culture medium to 2%, 1% 0.5%, 0.02%, 0.01% and 0.05% used to determine IC50 . • MCF-7 cells maintained in a medium supplemented with 0.7% serum exhibited progressive dose dependent growth in the presence of physiologically relevant concentrations of E2.
_______________________________________________________________
• Long-term maintenance of MCF-7 cells in a medium supplemented with 0.7% serum selected a proliferative sub-population with transiently nonfunctional ER (ER-NF) due to limited availability of E2.
• Maintenance of MCF-7 cells in medium supplemented with 0.7% serum +20 nM E2 and with 0.7% serum < 1 nM E2 selected isogenic cells with ER-F and ER-NF phenotypes, respectively. ! "
Study Outcome-II

Efficacy of Chinese Herbal Extracts
• Comparative dose response experiments with non-fractionated aqueous extracts from Chinese nutritional herbs facilitated rank order for their IC50 concentration on ER functional (ER-F) phenotype and ER non-functional (ER-NF) phenotype.
• Preferential Efficacy: ER-F > ER-NF: AC, CB, DA, EU, LBB, LBF, MO, PC ER-NF > ER-F: AS, CO ER-F = ER-NF: CS, EG, LC, LL
• Representative herbal extracts LBB, CO and EG at their respective maximum cytostatic concentrations, inhibited anchorage independent growth, down-regulated cell cycle progression through G2/M arrest and cellular apoptosis or G1 arrest, and altered cellular metabolism of estradiol that favored the formation of the anti-proliferative 2-OHE1 and E3
Conclusions
• Isogenic phenotypes from MCF-7 cells with modulated ER functions validate a facile cell culture approach for mechanism based evaluation of Chinese nutritional herbs having multiple functions.
• Rank order of herbal extracts preferentially efficacious in cells with ER-F and ER-NF prioritizes promising herbs that may be effective in ER+ and/or ER-clinical breast cancer.
